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Introduction
Motivation of Search for Cosmic Background Neutrino Decay

Δm2
ij have been  measured  accurately by neutrino oscillation experiments. 

but neutrino mass itself has not been measured.  Can we measure it ?    
Detection of neutrino decay enables us to measure an independent quantity. 

Thus we can obtain neutrino mass itself from these two independent 
measurements.

As the neutrino lifetime is very long, we need use cosmic background neutrino 
to observe the neutrino decay.  To observe this decay of the cosmic background 
neutrino means a discovery of the cosmic background neutrino predicted by 
cosmology.
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Cosmic Infrared Background （CIB）measured by COBE 
and Neutrino Lifetime Limit from CIB

Energy 50meV  20meV      5meV

AKARI
ＣＯＢＥ

COBE:  M. G. Hauser et al. Astrophys. J.  508 (1998) 25.    
D. P. Finkbeiner et al. Astrophys. J.  544 (2000) 81. 

AKARI:  S. Matsuura et al. Astrophys. J.  737 (2011) 2. 
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CIB（Cosmic Infrared Background）:  
Calculate τH by the following equation:

where φCIB = 24 nW m-2 sr-1 （COBE）.
→ (0.5 ~ 1) x 1020 sec = (1.6~3.1)x1012 year

A. Mirizzi, D. Montanino and P. Serpico,  
“Revisiting cosmological bounds on 
radiative neutrino lifetime” PRD76, 
053007 (2007)
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Neutrino Decay Detection Sensitivity
Cosmic Infrared Background ＋
Photon Energy Spectrum from
Neutrino Decay （E0 ＝25meV, 
τ＝1.5 x 1017year
Predicted by LR Symmtric Model）

10-hour running with a telescope 
with 20cm diameter, 
a viewing angle of 0.1 degrees and 
100% detection efficiency

dN/dEγ

d2Nγ

 

/dEγ
2

●

 
Need the energy resolution better 
than 2%. ( plan to use STJ )

●

 
Can observe the ν3 decay with 
a mass of 50meV, and a lifetime of 
1.5 x 1017year at 6.7σ.
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Our paper published in JPSJ on Jan. 18th, 2012



JAXA Rocket  Experiment for Neutrino Decay Search

JAXA Rocket CIB Experiment 
（Feb 2, 1992）

Instrument weight: 42 kg
(maximum 100kg) ,
Instrument size:   1.2 m long ,
52.4cm diameter. 
Direction control:   0.1°

Secondary 
mirror

Main 
Mirror

15cmφ
F=1m

Focal plane
Instruments

IR Light

Post-Preamplifier
DAQ system

1.7K Cryostat
>1W

Star Sensor
Vibration 
Damper

120cm

Liq-He tank
1.7K
>1W

50cm Weight 100kg

5 minutes DAQ 
at 200km height in 2016
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CIB Experiment for Neutrino Decay Search with JAXA Rocket
 Focal Plane Instruments

Grating

Tertiary 
mirror

STJ Detector Array
(50 x 8 channels)

Focal plane Instruments

Preamplifier(2K)

d=1mm

Grating

m = 0 m = 1

d sin θ = λ
→

 
x＝Dθ＝Dλ/d＝100λ

If Δx＝100μ, Δλ＝1μ

D=10cm

x=5mmΔx=100μ

50pixels

8pixels

Field of View ＝20”
 

x 2.7’
1pixel:  20”

 

x 20”

 

,      1 spectrometer: 50 pixels

λ＝

 
40～80μm

Rate/50pixels=
 

0.7kHz at 40μm
Total rate 5.6kHz x 5min. 
→

 
sensitivity  ~1014

 

year
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STJ (Superconducting Tunnel Junction）Detector

At the superconducting junction,
excited electrons (quasi-particles) over 
their energy gap go through tunnel barrier 
by a tunnel effect. 

By measuring the tunnel current of 
electrons excited by an incident particle, 
we measure the energy of the particle.  

•
 

Superconductor
 

/ Insulator / Superconductor Josephson 
Junction

S I S

2Δ

Excited Electrons

Incident 
Particle

Cooper Pairs
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Basic Properties of STJ Detector

Josephson Current is suppressed by a magnetic 
 field parallel to the insulator plane

 

Josephson Current is suppressed by a magnetic 
 field parallel to the insulator plane
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Nb/Al - STJ  Response to 5.9keV X rays

Up: 5.9keV X ray signal after preamplifier
Down: 5.9keV X ray signal after preamp + shaper

at T=0.4K

ADC output distribution

Double peak comes from 
that X rays are absorbed 
both in the upper layer and 
the lower layer. 

Tunnel 
barrier 

We have worked on STJ (Superconducting Tunnel Junction ) detector R&D since 2007.
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Hf-STJ I-V Curve 
(Oxidation Condition: 10Torr 60min.)

With a magnetic field (2Gauss)

Josephson Current

Josephson Current
Disappeared.

V
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Hf-STJ Detector R&D in TIPP2011proceeding
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Nb/Al‐STJ設計・開発

Schedule
2012 2013 2014 2015 2016 2017

Experiment Design

SuperconductingTun

 nel

 

Junction (STJ ) 
Detector 

Preamplifier at 2K 
and Post-Preamp 
(Fermilab, JAXA, 
Tsukuba）

Dispersive Element, 
Optics (JAXA, 
Tsukuba)

Cryostat
( JAXA, KEK)

Measurements＋

 Analysis
（All）

Experiment with FIR Rocket

Experiment with Satellite such as SPICA

Design and R&D of Nb/Al-

 STJ Detector
Production

Production

Design and R&D

Simulation

Design and R&D

Design and R&D of Hf-STJ Detector

Production

Analysis Program

Analysis

Design and R&D Production
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Plan

1.
 

Design and detector R&D of CIB measurement with a 
FIR-rocket launched in 2016

Multi-cell Nb/Al-STJ    (Tsukuba,Fukui,Okayama,Kinki)
Low-temperature (2K) preamplifier and post-preamplifier

(Fermilab, JAXA, Tsukuba)
Dispersive element such as grating    (Tsukuba, JAXA)
Cryostat（1.7K)                                    (JAXA)

2.  Superconducting detector R&D for satellite CIB 
measurement after 2018

Multi-cell Hf-STJ development          (Tsukuba, Fukui)
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BACKUP
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平成25年度予算

項目 金額（千円）

赤外線信号処理システム
（ＡＤＣ＋ＰＣ）

4,000

読みだし増幅器開発 3,000

冷凍機改良・設計 2,500

冷凍機運転（液体ヘリウム等） 500

検出器製作（フォトマスク、プリント基板、Ａｌ円

 盤材等）

2,000

記録メディア、プリンタ用紙、印刷費 1,000

旅費（成果発表、研究打ち合わせ）、会議費、

 論文投稿、別刷

2,500

研究補助（2人ｘ8か月）、研究支援者雇用費 2,500

計 18,000
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平成25-29年度予算（単位：千円）

項目 25年度 26年度 27年度 28年度 29年度 計

データ収集解析系 4,000 2,000 2,000 2,000 4,000

増幅器開発・製作 3,000 4,000 4,000 4,000 500

冷凍機改良・設計・製作 2,500 2,500 2,500 2,500 0

冷凍機運転 500 500 500 500 500

検出器・光学系・光源の

 開発・製作

2,000 3,000 3,000 3,000 0

プリンタ用紙、印刷費等 1,000 1,000 1,000 1,000 1,000

旅費（成果発表、研究打

 ち合わせ）、会議費、論

 文投稿、別刷

2,500 3,500 3,500 3,500 3,500

研究補助（2人ｘ8か月）、

 研究支援者雇用費

2,500 5,500 5,500 5,500 5,500

計 18,000 22,000 22,000 22,000 15,000 99,000
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Modified Budget Plan in JFY 2012 (April 2012-March 2013)

Cost （x 1,000Yen

 
or x 12.5$)

Improvement of Refrigirator

 
300   Japan

Operation of Refrigirator

 
200    Japan    

Cryostat for rocket experiment       300    Japan
Far-Infrared Light Source                  500    Japan
Dispersive Element

 
200    Japan

Superconducting Tunnel Junction Detector Prototype      1,000   Japan
Electronics at very low Temperature 2K                   2,300     Fermilab
Expenses at Fermilab

 
(rent-a-car etc）

 
200     Fermilab

総計

 
5,000

•1,500kYen was sent to Fermilab

 
at the end of May.

•1,000kYen will be sent to Fermilab

 
at the end of October. 

May 7, 2012
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US Collaborators’ Facility at Fermilab

March, 2011-
Started a collaboration with Fermilab

 
Milli-Kelvin Facility group

who will work on the readout electronics at low temperature 
around 4K.

Gustavo Cancelo,  Herman Cease,  Juan Estrada,  Jonghee

 

Yoo,  Jiangnag

 

Hao, Josh Frieman
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Big-Bang Cosmology 
and Elementary Particle Physics

GUT
Phase Transition in vacuum
CP violation

C
D

F

Electroweak 
Higgs particle

1.9K Cosmic background neutrino
(110/cm3)

2.7K Cosmic background radiation
(420/cm3)
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Cosmic Infrared Background measured by COBE and AKARI

Energy 50meV  20meV      5meV

AKARI
ＣＯＢＥ

COBE:  M. G. Hauser et al. Astrophys. J.  508 (1998) 25.    
D. P. Finkbeiner et al. Astrophys. J.  544 (2000) 81. 

AKARI:  S. Matsuura et al. Astrophys. J.  737 (2011) 2. 
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1980
 

1990
 

2000
 

2010
I                           I                         I

 
I

Penzias and Wilson    1965
(Bell Lab.)

 
3.5K cosmic background radiation discovery

IRAS（US, England）

 
*

COBE（NASA)

WMAP（NASA)

SPITZER （NASA)
 

*

ASTRO-F ：AKARI（Japan）*

Planck/Herschel *(ESA,EU）

 
2009/5/14～

SPICA *
 

2018～

* Satellite for Infrared astronomy

Status and Plan of 
Cosmic Background Radiation Observation
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Neutrino Decay Lifetime
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M. Beg, W. Marciano and M. Rudeman
 

Phys. Rev. D17 (1978) 1395-1401
R. E. Shrock

 
Nucl. Phys. B206 (1982) 359-379 

Calculate the neutrino decay width in SU(2)L

 

ｘ

 
SU(2)R

 

ｘ

 
U(1) model

 M（WR

 

）=∞

 
and sin ζ = 0 corresponds to Standard Model.

WL and WR

 

are fields with 
pure V-A and V+A couplings,

 respectively, and ζ is a mixing 
angle.
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Photon Energy Spectrum from Neutrino Decay
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Sharp edge with 
1.9K smearing

Red shift effect

●

 
1.9K neutrino motion smears 

the sharp edge of high energy end.

●

 
Measured photon energy Eγ

 

is 
shifted due to Doppler effect given 
by 
Eγ

 

= E0 /(1+z),
Where z is a red shift and E0

 

is the 
photon energy without Doppler 
shift and neutrino motion.
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Our Estimate of Neutrino Lifetime Limit
 using the Cosmic Infrared Background measured by AKARI

Lower limit of neutrino lifetime is 3.4 x 1012 at 95% C.L .for m3 = 0.05eV and m2 = 0.01eV.

χ2= 3.5
τ= (4.9±1.5) x1012

 

year
= (1.5±0.5) x1020

 

sec

SPITZER  and AKARI measured the contribution of distant galaxies to the CIB. We 
obtained the neutrino lifetime limit from the AKARI CIB data (ApJ,737, 2, 2011) from 
which we subtracted  the contribution of distant galaxies

AKARI CIB Data － Contribution of 
Distant Galaxies

Lifetime Limit 3.4 x 1012 year at 95% 
C.L..

For m3 = 0.05 ~ 0.15eV ，lower limit of ν3 lifetime at 95% C.L ranges (3.1 ~ 3.8 ) x 1012 year.
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Lifetime Calculation

R. E. Schrock, Nucl. Phys. 28 (1982) 359.
Calculate the neutrino decay width in SU(2)L ｘ

 
SU(2)R ｘ

 
U(1) model

       others. and  1775. (1977) 58 Phys. Theor. Prog. Kobayashi, M. and Sato K. ref.
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Lower Limit of  Neutrino Lifetime using Cosmic Infrared 
and Microwave Background measured by COBE

CMB（Cosmic Microwave Background）

 
: 

CMB measured with COBE-FIRAS 
CMB is fitted with a sum of 2.7K Plunck 
distribution and φE .

CIB（Cosmic Infrared Background）:  
Calculate τH by the following equation:

where φCIB = 24 nW m-2 sr-1 （COBE）.→ (0.5 ~ 1) x 1020 sec = (1.6~3.1)x1012 year

A. Mirizzi, D. Montanino and P. Serpico,  “Revisiting cosmological bounds on radiative 
neutrino lifetime” PRD76, 053007 (2007)

Neutrino Decay Photon Energy Spectrum φE .
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Neutrino Mass Relation

eV2)(  t,measuremendecay     Tritium From * <em νβ

Neutrino Oscillation Results

ν3 → ν2 γ

Eγ

 

= 25meV
20meV
15meV

m3 = 50meV, m2

 

= 10 meV,
Eγ

 

= 24meV

Δm12
2 = (7.59 + 0.19/ -0.21) x10-5eV2

θ12 = 34.4 +1.3/ -1.2 degrees

From neutrino oscillation measurement,

Δm23
2 = (2.43 ±0.13) x10-3eV2

sin2(2θ23 ) > 0.93
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Our Estimate of Neutrino Lifetime Limit
 using the Cosmic Infrared Background measured by AKARI (2)

Δm23
2

 

= 0.00243 eV2

x 1012

1020 sec

For m3 = 0.05 ~ 0.15eV ，lower limit of ν3 lifetime at 95% C.L ranges 
(3.1 ~ 3.8 ) x 1012 year or（1.0 ~1.2 ）

 
x 1020 sec.   
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Neutrino Decay Detection Sensitivity (2)

●

 
5σobservation sensitivity by 10-hour measurement with a telescope with 20 

cm diameter, a viewing angle of 0.1 degree and 100% detection efficiency.

SU(2)L

 

x SU(2)R x U(1) model  Lifetime 
Prediction
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CIB Observation Plan ( by JAXA Dr. Matsuura)

32

Foreground radiation

Search for new source

Fluctuation（small）

CIBER

CIBER-2AKARI

EXZIT

SPICA

MIRIS

黄道光（前景放射）

系外銀河
第一世代の星?

背景放射

CMB
CIBER あかり

SPICA

1 10 100

EXZIT
CIBER-2

波長 [μm]

初代天体によるCIRBスペクトル

近赤外可視 中赤外 遠赤外 サブミリ波

放射強度

系外銀河

第一世代の星

空間周波数（多重極子）: log l
1 2 3 4 5

01 -1 -2

0

2

-2

CIBER
あかり

SPICA
EXZIT

CIBER-2

角度スケール: logθ[度]

ゆ
ら

ぎ
パ

ワ
ー

: l
og

 l(
l+

1)
C

l /2
π

[n
W

/m
2 /s

r]

COB-rocket（案）

FIR-rocket（案）

2010 20202015

Absolute value

Fluctuation（large）

DGL

COBE

AKARI
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Experiment Plan

Search for cosmic background neutrino decay with far-infrared
observatory rocket launched in 2015 

Experiment Design
Development of Multi-channel Nb/Al Superconducting Tunnel 
Junction (STJ) Infrared Photon Detector
Development of Preamplifier and Shaper operating at 4K
Design and Production of Dispersive Element and Optical 
System
Design and Production of Cryostat

Search for cosmic background neutrino decay with far-infrared
observatory satellite such as SPICA launched after 2018 

Experiment Design
Development of Hf Superconducting Tunnel Junction (STJ) 

Infrared Photon Detector
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Superconducting Tunnel Junction 
(STJ) Detector
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STJ (Superconducting Tunnel Junction）Detector

At the superconducting junction,
excited electrons (quasi-particles) over 
their energy gap go through tunnel barrier 
by a tunnel effect. 

By measuring the tunnel current of 
electrons excited by an incident particle, 
we measure the energy of the particle.  

•
 

Superconductor
 

/ Insulator / Superconductor Josephson 
Junction

S I S

2Δ

Excited Electrons

Incident Particle

Cooper Pairs
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STJ Energy Resolution

Δ:   Band gap energy
F:     Fano

 
factor (= 0.2)

E:     Incident particle energy

Tc : Critical Temperature
Operation is done at a temperature 

around 1/10 of Tc

STJ Energy Resolution

No paper on Hf-STJ test in the world. 

meV25at       %7.1/
ctor,supercondu a as Hf Using

)(7.1

==

Δ=

EE

FE

E

E

σ

σ
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Hf-STJ Structure

Hf(250nm)

HfO2

 

(1‐2nm)

Si
SiO2

Nb

50, 100, 200 μm

5mm

Mask Design

Enlarging

Cross Section
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R&D Status
(1)

 
Search for the best condition for making a flat Hf

 
layer : 

various pressures and voltages.
•

 
2.0 Pa，70W (optimized)

2.0Pa
 

70W2.0Pa
 

70W

Distortion Force vs. Voltage               

D
is

to
rti

on
 F

or
ce

 σ
(G

Pa
)

Voltage (V)        

δ

σ∝δ
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R&D Status
(2) Search for the best condition for making the insulator layer

 (1 –
 

2 nm thick ) as a tunnel barrier: various pressures and 
periods of oxidation.

•
 

5 Torr，12 minutes  Oxidation sample (TEM picture )
–

 
Confirmed 1.3nm-thick HfO2 layer

Hf

Hf

HfOx

TEM picture

Hf-STJ

EDX measurement

５nm

O

•TEM: Transmission Electron Microscope
•EDX: Energy Dispersive X-ray Spectroscopy
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time

Lowest: 49mK

I-V curve measured

(3) Operation of He3
 

/He4
 

Dilution Refrigerator. 
We borrowed a He3/He4 Dilution Refrigerator from a group of Low Temperature 
Material Science at University of Tsukuba in 2008.
Achieved 49mK in July 2009.
Achieved 40mK in October 2011.

R&D Status
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Specification of 4K preamplifier
•

 

Erik,                                                           Mail from me to Erik on Dec. 18, 2011

•

 

I am sending the specifications about 4K electronics. 
If you have a mK

 

facility at Fermilab, we can test the 4K electronics together with a Hf

 

Superconducting detector.

 

However 
even if you do not have the mK

 

facility, when you can develop and test 4K electronics, your contribution is very useful for this 
experiment. About the test of Nb/Al-STJ, 0.4K is enough for the test of preamplifier with the Nb/Al-STJ. 

Our plan is to look at signals from visible photon (lambda=410nm) and near-infrared photon (lambda=1um) using a 
laser in 2012. For this purpose, we need a prototype preamplifier as specified

 

below. 

In 2013, we plan to look at signals from far-infrared photon (lambda=30um) and make a prototype of multi-channel 
preamplifiers for Nb/Al-STJ (400 channels). 

Requirement for preamplifiers of Nb/Al-STJ and Hf-STJ is summarized below: 
•

 

Common specification:   Operation temperature: ~4K        Integration time: 10 usec

 <For the Nb/Al-STJ and Hf-STJ prototype design> 
Dynamic range < 20fC ( ~1.2 x 10**5 e) 

from the requirement of < 4.5eV gamma ( lambda=270 nm ) at HF-STJ 
Noise < 0.34 fC

 

( ~2100 e) 
from the requirement of < 2.5% for 13.4 fC

 

= 3 eV

 

gamma ( lambda~410 nm ) at Hf-STJ 
and of <20% for 1.6fC = 3 eV

 

gamma ( lambda~410 nm ) at Nb/Al-STJ 
Gain: 400mV/fC 

<For Nb/Al-STJ final design> 
Dynamic range < 0.16fC ( ~1000 e) 

from the requirement of < 300 meV

 

gamma at Nb/Al-STJ 
Noise < 0.0045fC ( ~30e) 

from the requirement of <35% for 0.013 fC

 

= 25meV gamma at Nb/Al-STJ 
Gain: 10V/fC 

<For Hf-STJ final design> 
Dynamic range < 4.3fC ( ~27000 e) 

from the requirement of < 45meV gamma at HF/W-STJ 
Noise < 0.012fC ( ~80e) 

from the requirement of <0.5% for 2.4 fC

 

= 25meV gamma at Hf/W-STJ 
Gain: 1V/fC 

Best regards, 
Shinhong
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CIBER ロケット実験

CIBER搭載装置（撮像装置Imager×２、

 低分散分光器LRS、高分散分光器NBS）

CIBERロケット実験の第１回打上

 げの瞬間（2009年2月25日）

打上げ後に回収されたCIBERの観測装置。米国ホワイトサンズ（ニューメキシコ州）実験場

LRS

NBS
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CIB Experiment for Neutrino Decay Search with JAXA Rocket

Secondary 
mirror

Main 
Mirror

15cmφ
F=1m

Focal plane
Instruments

LHe
Cryostat

1.6K

Grating

Tertiary 
mirror

Superconducting 
Tunnel Junction

(STJ) Detector Array
(50 x 8 channels)

Focal plane
Instruments

IR Light

Readout Electronics(4K)

20minutes DAQ at 200km height in 2015

d=1mm

Grating

m = 0 m = 1

d sin θ = λ
→

 
x＝Dθ＝Dλ/d＝100λ

If Δx＝200μ, Δλ＝2μ

D=10cm

x=10mmΔx=200μ

50pixels

8pixels
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Readout Electronics  ( Post-  Preamplifier )

Grating

Tertiary 
mirror

Focal plane Instruments

2K Preamplifier

2K 

Post-preamplifier

Superconducting 
Tunnel Junction

(STJ) Detector Array
(50 x 8 channels)

Shaper
Discriminator 
and Register

PC 
+ Wireless 

Data transfer
(100kbps)
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CIB Experiment for Neutrino Decay Search with JAXA Rocket
 Focal Plane Instruments

Tertiary 
mirror

STJ Detector 
Array

(50 x 8 channels)

Focal plane Instruments

Preamplifier(2K)

d=1mm
Grating

m = 0
m = 1

D=10cm

x=5mm

Δx=100μ

50pixels

8pixels
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CIB Experiment for Neutrino Decay Search with JAXA Rocket
 Rate Calculation and Expected Lifetime Limit

Radiation Rate
 

λIλ

 

～１μW/m2/sr  for λ＝

 
40μm 

1Pixel        ΔΩ=10-8

 

sr
 

, ΔS =π x 0.0752 m2

λIλ

 

= 1.75 x 10-16 W = 1.1 x 103

 

eV/s
 

(  Using 1J = 6.2 x 1018

 

eV）
From λIλ

 

= EdI/dE
 

dI/dE
 

= 1.1 x 103/(3 x 10-2) s-1 = 0.35 x 105

 

s-1

dI/dE
 

= (E/ΔE) dN/dt
 

より、

 
dN/dt

 
= 0.7 x 103

 

s-1

 

( Using E/ΔE=50)

Rate/pixel =
 

0.7kHz at λ＝ 40μm

Measurements for 200 s 
→

 
140 k events /pixel
We use 8 rows of 50pixel-spectrometer. →

 
1120k events/photon energy

σ/N=0.094%      2σ = 0.19% x １μW/m2/sr
= 1.9nW/m2/sr 

(about 6% of the present limit of
 

30nW/m2/sr ）
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Readout Electronics  ( 2K Preamplifier )
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Specification of 2K preamplifier
•

 
Common specification:   Operation temperature: ~2K  

Integration time: 10 μsec
 <For the Nb/Al-STJ and Hf-STJ prototype design> 

Dynamic range < 20fC ( ~1.2 x 105

 

e) 
from the requirement of < 4.5eV γ ( λ＝270 nm ) at HF-STJ 

Noise < 0.34 fC
 

( ~2100 e) 
from the requirement of < 2.5% for 13.4 fC

 
= 3 eV

 
γ (λ＝410 nm ) at Hf-STJ 

and of <20% for 1.6fC = 3 eV
 

γ (λ＝ 410 nm ) at Nb/Al-STJ 
Gain: 40mV/fC （

 
0.064V/1.6fC )

 <For Nb/Al-STJ final design> 
Dynamic range < 0.064fC ( ~400 e) 

from the requirement of < 300 meV
 

γ at Nb/Al-STJ 
Noise < 0.0026 fC

 
( ~16 e) 

from the requirement of <20% for 0.013 fC
 

= 25meV γ at Nb/Al-STJ 
Gain: 1V/fC （

 
0.013V/0.013fC )

 <For Hf-STJ final design> 
Dynamic range < 4.3fC ( ~27000 e) 

from the requirement of < 45meV γ at HF/W-STJ 
Noise < 0.012fC ( ~80e) 

from the requirement of <0.5% for 2.4 fC
 

= 25meV γ at Hf/W-STJ 
Gain: 1V/fC （

 
2.4V/2.4fC )
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